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METHOD FOR MOMTORING GOODS 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present information daiins priority to European patent application 02022420.0, 
filed on October 4, 2002. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for monitoring goods and also to a 
monitoring system for implementing the aforementioned method. The present invention is 
concerned with the field of monitoring and tracking of goods to be transported by transport 
means or also of goods within an area. 

In order to provide in1bnnati.on to redpiente of the probable arrival time of goods 
transported in containers, web-baaed infinmation systems are known whereby a potential 
recipient can inquire about the progress of the transport of his goods. These systems are 
based, for trucks &r example, on a location determined by means of the global positioning 
system GPS. Jn this case, an allocation of the contract or job number to the relevant truck is 
stored in a database of a transport company. The allo^tlon itself can, fbr example, be made 
by mftans of a barcode reader. The tnidc driver reads a barcode placed on a container by 
means of a device. This infimnation is transmitted to the named central database by means 
of a communication and locating unit on the truck. In this case, the barcode is fiie code of a 
consigimient note. 

For acquiring the data in the manner of the aforementioned system, a method is 
proposed in document DE 199 11 302 Al (Creutzmann, Jochen, DE-Hamburg) whereby the 
required data is entered in a storage device on the vehicle when loading and unloading. 
Transponders are provided for identification of the goods or container(s). By means of 
updated location information for the vehicle, it is also possible to determine a deviation from 
the transport route and if necessary to trigger a message to Hie associated transport company 
by means of a transmitting device on the relevant vehicle. If the cargo compartment is 
opened at an inappropriate time, impaizment of the aforementioned kind can also occur. 
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Therefore it is ppsi^le to direct intetveation forces to the location of the relevant vehicle. 
The disadvantage with this system is that the data acquisition must necessarily take place 
during loading ftnA unloading of the goods. 

Document DE 196 28 801 Al (Daimler-Benz Aerospace AG) discloses a computer- 
aided goods management system whereby stationary or mobile reading/writing equipment 
connected to transponders on the vehicles is arranged along the planned route, in order to 
fflcchange data. The onward joumey of the relevant transport vehicle is permitted or 
prevmted depending on the results of the chedc of the exchanged data. 

For monitoiing the gpods to be transported, it is important that the receiver knows 
not only the »act location and the piobsible axrival time but also, where necessary, the 
circumstances that would pose a danger to the goods to be transported. This is particularly 
important for perishable products. It is not sufSSdent in tbis case to srniply detecmine during 
unloading by means of a logbook or log file that; for exanxple, the transported ice cieam was 
temporarily exposed to a temperature greater than ^S°C and when the normal temperature of 
-24^C was restored it crystallized and therefore could no longer be sold, This in&rmation 
should already be made accessible in advance to the recipient and/or sender of the ice cream. 
In this way, a second deliveiy could be activated without the recipient having to be told. 

SUMMARY OP THE INVENTION 

An object of the invention is therefore to provide a monitoiing system for goods that, 
without manual procedures, monitors a number of goods or goods containers with respect to 
the instantaneous location and the rdevant injEtuence &ctors, so that intervention based on 
the ooxrespondiog data is possible before ddivery to the destination. 

By means of the process steps, in accordance with which; 

A influen ce variables on a good in each allocated transponder is recorded with a 
connected sensor means, 

B the transponder transmits the recorded influence variables to eadi other via flieh- 
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traBsinittmg^Fecdving modideSa- 

C one of the transponders transmits, via its transmitting/receivbg module of the 
coxmnumcation unit allocated to the transport means, all of the influence variables 
recorded by the transponders. 

A method is provided tibat autonomously and automatically records influence 
variables on goods and makes this infixcmation accessible to a communication unit for ' 
evaluation. The means required for peifinming fhe method can be allocated in a simple 
manner to the goods to be transported or stored thanks to radio communication of the 
transponders with each otber< 

By means of a communication link between the communication unit and a remote 
center, the recorded influence variables from a number of transport means can be monitored 
and measiires for intervoition, correction or hdp can be activated very early in the event of 
deviations from the permissible values of the influence variables being detected. In this way, 
fruther damage to the transported goods can be avoided in individual cases. 

The smsor means for recording the influence variables can also be allocated to a container 
holding the goods, without this reqoiring the method in accordance with the invention to be 
modified. In particular, mixed operation is possible on one transport means with some 
sensors being allocated to containers and others directly to the goods. 

The number of transponders on a transport means form an ad-hoc network. This means that 
wbSD. loading a transport means with containers or goods there is absolutely no need to take 
account of dieir spatial arrangement because these transponders autonomously organize 
communication between each oflier. 

Messages output by the communication unit to the transponder at the start of a transport are 
detemiined on the basis of acknowledge messages of the particular transponder that 
transmits all of the influence variables recorded by the transponders to the communication 
unit. This means that when loading no account needs to be taka of the stacking of 
containers or goods or of the allocation of transponders to containBrs or goods* 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The novel features believed characteristio of the invention aie set out in the daims 
below. The invention itself; however, as well as other features and advantages thereof, are 
best understood by reference to the detailed description, whicih follows, when read in 
conjunction with the accompanying drawing, wherein: 

Figure 1 depicts an arrangement on a ship of the camponents of the system in accordance 
with fbe invention; 

Figure 2 depicts an anrangement on a train of the conqionents of the system in accordance 
with flie invention; 

Figure 3a depicts an arrangement of a transponder on a container; 
Figure 3b depicts a block ftiagrg Trt of a transponder. 

Figure 4 depicts a block diagram of the functional cortqjonents of a transmitting/receiving 
unit on a means of locomotion; and 

Figure S depicts a topological arrangemcDt of transponders. 



DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a ship with a ship's hold 8 as a transport means 2, that holds 
containers 5 in a free and unordered manner, in which the goods to be transported 3 are 
contained. A communication unit 4 is fitted, preferably on the deck of the ship. In this 
sample of an embo diment, eadx container S is provided with a transponder 1 . For reasons 
of clarity this is only partially shown in fijgure L Each of these transponders 1 is connected 
to at least one sensor means 20. Influence variables detected by the sensor means 20 are 
recorded in the associated transponder 1. One or more of the following influence variables 
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can be recorded by sensor means 20. 

TempeEature within container 5 or outside container 5. 
Air faomidity in container 5* 
Accderadon, e.g, impart, shock or vi^ 
Electromagoetic field on container 5. 
Ioni2dng radiation/ 

Chemical composition of the ambient air. 

Opening of the container 5 or of die good 1 by means of a contact 

A second arrangement of goods 3 transported in containers 5 is shown in figure 2 as a freight 
train. In particular, the transponders I do not need to be attached to a container 5, but can 
instead be mounted directly on one of the goods 3 to be transported, as is shown on the 
second goods wagon in figure 2. 

Figure 3a shows an example of the mounting of a transponder 1 on a container S. The 
transponder 1 is naounted on the corrugated outer wall 7 of a container 5 by means of a 
supporting element 6. The pre&ired form of a transponder 1 is as an '^dectzonic tickef* such 
as is disclosed in document WO 01/20557 Al (Siemens Transit Telemafic systems AO). A 
transponder 1 of this kind is typically ttie size of a credit card. The supporting clement 6 can 
preferably be a plastic compound or a fibric pocket If it is a &bric pocket, fliis is preferably 
afiOxed to a predetermined point of a container 5 by means of a hook and eye closure. The 
jEabric pocket itself can also be provided with a closure in order to hold a specific 
transponder within it in a simple manner. The sealing can also be based on a book and eye 
closure. Thanks to the small size of the transponder, 1 including the supporting element 6 it 
can be attached in a 'Valley*' of the comigated sur&ce of the container 5, This minimizes the 
danger of shearing off or pulling off, e.g. during loading. A connection line can be pulled 
througjx to a sensor means 20 within the container 5 through an opening in the outer wall 7. 
By means of this sensor means 20, the air tenrperature inside the container 5, for example, 
can be recorded To record an electromagnetic fields an ionizing radiation or acceleration 
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such as vibration, intact or shock, the sensor means can also be momited outside on the 
outer wall 7 of the container S, The following are further examples of influence variables to 
be recorded within a container 5: 

The chemical composition of the ambient air, such as the amount of nitrogen Nj or the 
preseaoe of exhaust gases, Instead of the aforementioned hook and eye closure, the 
attachment of the transponder 1 can be such that the transponder 1 is secured by a wire loop 
that carries a current at the transpondor end. The wire loop is passed through the interface 
module 15, which is described in more detail below. This enables unauthorized removal of a 
transponder 1 from a container S or &om a good 3 to be determined and an alarm for the 
attention of intervention forces to be triggered if necessary. 

Figure 3b is a block diagram of a transponder 1 showing the following coniponents. 

• First recdving module 11 and second transmitting/teceiving module 12 with allocated 
antennas 18.1 and 18.2. 

• Processor module 13 and memory module 14. 

• Interface module 15 to which at least one.sensor means is connection via the connecting 
link 19, 

• Power siqjply zxiodule 1 6 with battery 17 (the electrical connections are not shown). 

The aforementioned modules 11, 12, 13, 14 and 15 are connected to each other via a bus 
system 10. 

There are various ways in whidi connnunication with a transponder 1 can be realized In this 
example, these are based on the method disclosed in document WO 01/20557 Al. By means 
of the first receiving module 11, the transponders 1 are waSseaied fiom sleep by a signal, 6.g. 
a 7.68 MHz signal. At a higher layer this signal contains a message with various information 
fields. These also contain in&rmation on the basis of wfaicih the second 
transmitting/receiving module 12 is switched to an intermittent mode, with this second 
tranamitting/jreceiving module 12 preferably being operated at a substantially higher 
frequency, e.g. in the 868 MHz range, Prom the point of view of a transponder 1, one 
frequency each is to be provided for the outgoing and incoming communication linlr^ e,g. 
868.0 MHz and 868.5 MHz. It is also possible to have a semi-duplex method on one single 
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frequency. As an alternative to the aforeoieationed method, the wake-up can be 
automatically achieved by a device during the attachment of the ticket or transponder 1 to a 
container 5 or during the loading of ship 2. to do this, all that is required is for the 
conmiumcation unit 4 or its antenna 47.3 to be positioned dose to the loading opening for 
the ship's hold 8 and switched to the *'wake-i^** mode. The transponder 1 has, in accordance 
widi document WO 01/20557 Al, a high degree of autonomy. Wilh this ^plication for 
recording influence variables, the interval fbr the bi-diiectional communication can be set to 
a longs' grid in a range of some minutes or even more. This enables the autonomy to be 
imflUT incareased. The transponders 1 eadh have their own identity. If transponder 1 is 
allocated to container 5 or transport good 1, this is to be recorded for subsequent evaluation 
and monitoring. This can be carried out by using a mobile writing/reading device, the data of 
which is later transmitted to a center. By means of this device, a transponder can also be 
wakened at a frequency of, e,g, 7,68 MHz by .means of the method described in WO 
01/20557 AI, or it is also possible to transmit the data in the intermittent mode to the 
relevant transponder 1 by means of an electrical connectioiL 

The topological airang ement of a number of transponders 1 in a ship's hold 8 or on a railway 
train 2 (see Fig. 2) is shown in the block diagram in Figure 5. Figure 2 wi& railway wagons 
coxmected in line suggests a bus structure. This is not so because the transponders 1 cannot 
detect any nei^iboring structure* Therefore the connnunication connections can be, or are, 
as a rule established from one transponder 1 to several other transponders 1. In a topology of 
this kmd, these transponders form an ad-hoc network. The operation of ad-hoc networks is, 
for example, given in documrat DE 100 62 303 Al (7 layers AG, DE-Ratingen). In figure 5 
it is assumed that transponder 9 functions as a master transponder 9. A bi-directional 
communication with the communication unit 4 allocated to the transport means 2 takes place 
from this transponder 9. As illustrated in figure 5, a mutual transmission of the influence 
variables recorded in the individual transponders 1 takes place, A INFl data structure, an 
example of which is shown in the following table 1, is used fir this purpose. Instead of the 
term data structure, the temi message structure is also used in this context. 
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INFlm&miatiommit 



Tiiftimiaiinii fielil 


IVfeftnixiCr 


ADDRESSl 


Address of tibe transmitdng transponder 1 . 


ADDKESS2 


Address of transponder 1 on which the 
ENVIRONMENrrjVALUES were recoxx^ 


DATETIMEl 


Date and time. Time stamp of the transmission to the 
receiving transponder 1. 


COMMAND 


Commandfi to the receiving transponder 1. 


ENVIRONMENT_VALUES 


Recorded influence variables. This entry can also be omitted 
depending on the entry in the COMMAND field. 


DATETIME2 


Date and time. Time stamp of the recording of the 
ENVIRONMENT^VALUES field 




i 
■ 







Table 1 



Both the received and also the influence variables recorded on the relevant transponder 1 are 
stored in a table in each transponder 1, with the FILE data type being preferably used. This 
ad-hoc netwozk is the basis whereby one of the transponders 1 succeeds in establishing a bi- 
direcdonal communication link with the communication unit 4 allocated to the transport 
means 2. This transponder is shown in figure 5 by the reference designator 9 and is called a 
master transpondeTi 

The "master transponder" function is preferably allocated dynamically. A special message 
can be transmitted fix>m communication unit 4 for this purpose. The transponder 1 receiving 
this message acknowledges receipt of this message. Communication unit 4 analyses which 
of the aforementioned transponders has the best reception and transmission conditions. For 
this purpose, the reception level and its time chaxacteristic (*'shape** of the received signal) 
can, for example, be analyzed \ising reflections. The basic requirement for this is that a 
connection on layer 1 (within the meaning of the OSI model) is always ensured. In the 
aforementioned manner, the communication unit 4 can allocate the ^'master transponder'* 9 
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function to flie selected transponder 1 by transmitting a message to it 

Pollowing successful reception of the infbnnation units INFl with the recojxled influence 
variables transmitted from the master transponder 9 to communication unit 4, 
communicatioii unit 4 provides an acknowledgement This deletes the influence variables 
recorded in the aforementioned table or file* Master transponder 9 then transmits a further 
information unit INF2 wifli a structure comparable to that of INFl - .An indication to delete 
the relevant information unit in the receiving transponder 1 is in tbfg case contained in the 
COMMAIsTD field, A distinction can now be made between two cases, as follows. 

• The relevant information unit INFl originates from the receiving transponder. The 
procedure is ended* 

• The relevant information unit INFl originates from a difiBsrent transponder than the 
receiving transponder. A transmission of a further infbnnation unit INF2 then takes, 
place. The address of the receiving transponder 1 is known at the same tnne> refer to the 
ADDRESSl field- 

If a transponder 1 receives an information unit INF2 not meant for it, it is preferably 
rejected. 

To explain the fur&er processing of the influ^Qice variables transmitted from the master 
transponder 9, the functional units of a communication unit 4 are first explained using figure 
4. 

Figure 4 shows a communication unit tiiat in this construction contains the following. 
■ Sending/transmitting unit 42 for opmmunication with a remote center. 

• Sending/transmitting unit 43 for communication with the transponders and the master 
transponder 9. 

• Locating unit 41, e.g a QPS receiver, 

• Processor unit 44 mi memory unit 45, 

« Antennas 47.1» 47,2 and 47.3 for locating units 41 and for transmitting/receiving units 42 
and 43. 

• Power simply unit 46. 

• Bus system 40 for connection of the aforementioned units. 

The influence variables, including at least one time stamp, communicated via the master 
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transpondgr 9 to the ocmimiTni cation unit 4, are stored in the memory unit 45, e.g. a$ aFILE 
data type. To detenniue and assess the reliability of Hie recorded influ^ice variables using 
file mettiod in accordance wilb the inventiozL, a conmninication link is established between 
Ihe conomunicadon imit 4 and a remote center* The transmitter/receiving unit 43, which for 
example is part of the trunk radio system such as TBTRA or TETRAPOL or a cellular 
mobile communication system such a GSM is used fiir this purpose. When the recorded 
influence variables are transmitted they are advantageously provided with location 
information. The location information can be taken from the locating unit 41. D^ehding on 
the type of transported goods 3, it can also be provided that Ihe location information is stored 
relative to a time grid, e.g. at intervals of 30 s. Because &e recorded influence variables are 
also provided with a time stamp, in this way the particular relevant location information can 
be allocated at the center during transmission. In this way^ an impermissible effect can be 
reoonstrocted if necessary using post-prooessing. This is sigoificant, particularly for 
txan^ort by truck. Be means of post^processing^ any missing recording can also be detected, 
which for example could occur due to a parallel run of two fireigbt trains. 

The aforementioned antennas 41. 1« 47.2 and 47.3 need not be connected directly to 
communication unit 4, but instead can be advantageously arranged remotely, so that 
optimum nansmitdng/receiving conditions can be achieved. If necessary, tiiere can also be 
several antenna 47.3 in or at a ^'s hold 

The invention is not, for example, limited to the aforementioned embodiment. 

• It is also possible to use a wireless network already in a transport means as a transport 
medium, e.g. a private wireless LAN or a public wireless LAN. 

• The invention can also be used in a warehouse 2 or a storage area 2, where a number of 
goods have to be monitored with regard to liie effects of environmental influences and 
their presence. The specification of tiae master transponder 9 function can in this case 
take place within a fixed time grid. This function then has to be re-specified if the 
relevant good 3 was moved out of the storage area. During this process, either 
transponder 9 can be left on good 3 or deliberately deactivated by means of a inatinal 
intervention using the mentioned reaxJ/write device. 
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